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(54) Automotive air conditioning ayatam 

(57) An air conditioning system for use in a nwtor 
vehicle powered by an interna) combustion engine (1) 
Is described. The system connprises an electric motor 
(52) powered by a battery (50); a compressor (2) ar- 
ranged to be powered by at least one of the internal com- 
bustion engine and the electric motor; and a control unt 
that controls the driving of the compressor. Tha control 
unit is configured to execute driving the compressor by 
only the electric motor when the combustion engiiw is 
under an idling stop; restarting the combustion angina 
upon expiration of a first ghren time from tha time wTian 
the idling stop has oocun^, so that thereafter tfta com- 
pressor is driven by both the combustion engine and tha 
electric motor; and stopping the driving of tha c 
sor by the electric motor upon expiration ol a i 
given time from the restarting of the combustion < 
so that thereaftar the compressor is driven by only iha 
combustion engine. 
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Description 

BACKGROUND OF THE INVENTION 
1 ■ Field of the Invention 

[0001] The present invention relates in general to au- 
tomotive air conditioning systenns and more particularly 
to automotive air conditioning systems of a type suitable 
for motor vehicles which exhibit an excellent fuel con- 
sumption, such as a motor vehicle which is constructed 
to stop its engine when stops due to a red light at a cross- 
ing or the like or a hybrid motor vehicle which is 
equipped with both an Internal combustion engine and 
an electric motor and effecdyely powered by at least one 
of them. More specifically, the present inventbn relates 
to an air conditioning systems for such low fuel con- 
sumption motor vehicles, which is kept operative even 
when the motor vehicle is under an idling step stopping 
the engine. 

2> Description of the Prior Art 

[0002] In order to clarify the task of the present inven- 
tion, a known automotive air conditioning system of the 
above-mentioned type will be described, which is dis- 
closed in Japanese Laid-open Patent Application 
10-236161. 

[0003] The known automotive air conditioning system 
is constructed to keep operation of the compressor with 
an electric power even when the engine of an associat- 
ed motor vehicle is stopped. For operatton of the com* 
pressor, an electric motor powered by a battery mounted 
on the vehicle is practically used. The compressor is of 
a capacity variable type, and upon operation of the conv 
pressor by the electric motor, the capacity of the com- 
pressor is automatically lowered to lessen the load of 
the battery. With this, the capacity of not only the battery 
but also the electric motor can be reduced and the elec- 
tric power supplied by the battery can be saved. 
[0004] In the Laid-open Applicatton, a measure is fur- 
ther disclosed wherein selection of one of the power 
sources (yiz., the engine and the t)attery) is effected in 
accordance with the power actually needed by tiie cool- 
ing section of the air conditioning system. That is, when 
the needed power is higher than a predetennined level, 
the compressor is driven by the engine, while when the 
needed power is lower than the predetemrtined level, the 
compressor is driven by the electric motor. Particularly, 
the compressor has two operation modea, which are a 
high-power mode wherein the compressor is driven by 
the engine while keeping its nonnal higher capacity, and 
a low-power mode wherein tiie compressor is driven by 
the electric power while keeping its lower capacity. 
[000$] In operation, upon stopping of the engine by a 
standstill of the vehicle due to, for example, a red light 
at a crossing, the compressor Is shifted to tiie tow-power 
mode and thus driven by tiie electric motor. When. 



thereafter, due to change of the light from red to blue, 
the engine of the vehicle is restarted, the compressor is 
shifted from the low-power mode to the high-power 
mode. 

5 [0006] However, due to its inherent construction, the 
above-mentioned l<nown automotive air conditioning 
system has failed to quickly carry out the shifting from . 
the bw-power mode to the high-power mode. In fact, 
several seconds are needed for carrying out the shifting, 

10 which include a time for stopping the electric motor, a 
time for returning the capacity of the compressor to the 
nomnai higher one and a time for restarting the engine. 
During this period, the compressor is kept inoperative 
and thus tne cooling section of tiie air conditioning sys- 

is tem can not exhisit its cooling perfomfiance effectively. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of tiie present invention 

20 to provide an automotive air conditioning system which 
is free of the above-mentioned drawbacks. 
[0008] According to a first aspect of the present Inven- 
tion, there is provided an air conditioning system for use 
in a motor vehicle powered by an intemal combustion 

3 engine. The system comprises an electric motor pow- 
ered by a battery; a compressor anranged to be powered 
by it least one of tiie intemal combustton engine and 
the electric motor; and a control unit that controls the 
Oivtng of the compressor, the control unit being config- 

M ureo to execute driving the compressor by only tiie elec- 
tric motor when the combustion engine is under an idling 
stop: restarting the combustion engine upon expiration 
of a first given time from ttie time when the Idling stop 
has occurred, so that thereafter the compressor is driv- 

^ en t)y both the combustion engine and the electric mo- 
tor tnd stopping the driving of the compressor by the 
eieniit m^or upon expiration of a second given time 
from the restarting of tiie combustion engine, so ttiat 
thereefter the compressor is driven by only the combus- 

^ tK)n engine. 

[00Q9| According to a second aspect of the present 
mvemton. there is provided an air conditioning system 
for use tfi a motor vehicle powered by an intemal com- 
DusQon engine. The system comprises an electric motor 

^ p owere d Dy a banery; a capacity variable compressor 
arranged to be powered by at least one of ttte intemal 
comoustlon engine and the eiectric motor; and a control 
unit thai controls tiie driving of the compressor, the con- 
trot un4 tMing configured to execute (a) calculating a 

M p ow e r needed for driving tiie compressor when tiie ve- 
hde is rettdy for an idling stop of the engine; (b) starting 
the efectric motor when it is decided that tiie calculated 
power is obtainable by only the electric motor, so that 
thereafter the compressor is driven by both the Initemai 

55 comoiistion engine and the electric motor; and (c) exe* 
cuOng the idling stop upon expiration of a first predeter- 
rruned time from the time when the electric nnotor has 
started. 
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[0010] According to third aspect of the present in- 
vention, there is provided an air conditioning system for 
use in a motor vehicle powered by an Internal combus- 
tion engine. The system comprises an electric motor 
powered by a battery; a capacity variable compressor 
an-anged to be powered by at least one of the internal 
combustion engine and the electric motor, the compres- 
sor being controllable to have a high predetemiined ca- 
pacity, a lower level of a tow predetermined capacity or 
a higher level of the low predetemfiined capacity; an air 
inlet opening controller arranged to inlet at least one of 
outside air and inside air into an air inlet opening of the 
air conditioning system, the air Inlet opening controller 
having a first mode in which a nomially conditioned air 
is led into a passenger room and a second mode in 
which the air inlet opening inlets either one of the outside 
air and inside air. that shows a temperature close to a 
target temperature of air blown into the passenger room; 
and a control unit that controls the driving of the conv 
pressor and the aii inlet opening controller, the control 
unit being configured to execute (a) keeping the com- 
pressor to operate m the high predetermined capacity 
and keeping the air mlct opening controller to operate 
in the first mode when tnc compressor is driven by only 
the engine; (b) controlling the compressor to have the 
lower level of the low prodetermined capacity and con- 
trolling the air inlet oponmg controller to assume the sec- 
ond mode upon receiving a signal representative of a 
previous notice of a temporary engine stop; (c) turning 
the electric motor ON: (d) stopping the engine upon pas- 
sage of a given time from the turning ON of the electric 
motor; and (e) controlling the compressor to operate in 
the higher level of the low predetermined capacity upon 
passage of a given time from the engine stopping. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Other objects and advantages of the present 
invention will become apparent from the following de- 
scription when taken in conjunction with the accompa- 
nying drawings, in which: 

Fig. 1 is a block diagram showing an outline of an 
automotive air conditioning system of the present 
invention; 

Rg. 2 is a block diagram of an automotive air con- 
ditioning system of a first embodiment of the 
present invention; 

Fig. 3 is a flowchart showing operation steps exe- 
cuted in the first embodiment of the Invention; 
Fig. 4 is a flowchart showing operation steps exe- 
cuted in a second embodiment of the present inven- 
tion; 

Figs. SA and SB are upstream and downstream 
parts of a flowchart 4t operation steps executed in 
a third embodinr^nt of the present invention; 
Fig. 6 is a time chart showing operation conditions 
of three elements (engine, electric motor and conv 



pressor) in case of the first embodiment; 

Fig. ris a time chart showing operation conditions 

of the three elements in case of the second enrtbod- 

iment; 

5 Fig. 8 is a time chart shewing operation conditions 
of four elements in case of the third embodiment: 
Figs. 9A and 9B are upstream and downstream 
parts of a flowchart of operation steps executed in 
a fourth embodiment of the present invention; and 

10 Rg. 10 Is a time chart showing operatk^n conditions 
of fbur elements in case of the fourth embodiment. 

DETAILED DESCRIPTION OF THE EMBODIMErviTS 

IS [0O12] Referring to Rg. 1 of the drawings, there is 
shown the outline of the present invention, which depicts 
the relation between various elements practically used 
In the invention. 

[0013] Refening to Rg. 2, there is shown a block dia- 
^ gram of an automotive air conditioning system of the 
present inventton. As will become apparent as the de- 
scrlptton proceeds, the compressor used in this embod- 
iment of a hybrid type. 

[0014] In Rg. 2, denoted by numeral 1 is an internal 
combustion engine of a motor vehicle. The engine 1 is 
has a first drive pulley 3 driven by an output shaft of the 
engine 1 . Denoted numeral 2 is a compressor of a 
cooling sactton 9 of the air oondittoning system 100A. 
whose input shaft has a first driven pulley 4 connected 
30 thereto through an electric clutch 8. The first drive pulley 
3 and the first driven pulley 4 are connected through a 
V-belt 7 to permit transmisston of power of the engine 1 
to the input shaft of the compressor 2. A second driven 
pulley 6 Is connected to the input shaft of the compres- 

39 sor 2 through the electric clutch 8. A second drive pulley 
5 is connected to an output shaft of an electric motor 52, 
so that the power of the electric motor 52 can be trans- 
mitted to the input shaft of the compressor2. Designated 
by numeral 50 Is a starter generator, and denoted by 

40 numeral 50 Is a battery mounted on the vehicle. 
[0015] The cooling section 9 of the air conditioning 
system comprises generally the compressor 2. a con- 
denser 10, a Ikfukl tank 11, an expansion valve 12 and 
an evaporator 1 3 which are connected in order by a pipe 

^ 14 through whk:h a refrigerant flows In the direction of 
arrows. 

[9018] The evaporator 1 3 is installed in an air duct for 
cooling air directed toward a passenger room of the as- 
sociated motor vehicle. That is, positioned upstream of 

30 the evaporator 1 3 is an electric bk)wer by which an out- 
sWe air, an inside air or both of them are forced to flow 
toward the evaporator 15. Poslttoned downstream of the 
evaporator 13 Is a healer 17 whose heat source m an 
engine cooling water. For this, water inlet and outlet 

55 pipes 21 A and 21 B are ananged between the heater 1 7 
and the engine 1 . as shown. Denoted by numeral 1 6 is 
an air mix door which f uncttons to control an air flow rate 
between a heater-bypassing passage 'HBP" and. a 
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heater-passing passage "HPP". The heater-bypassing 
passage "HBP" is a passage leading to an air mix cham- 
ber "AMC" bypassing the heater 17 and the heater- 
passing passage "HPP' is a passage leading to the air 
mix chamber "AMC" through the heater 1 7. A defroster 
door 18, a ventilator door 1 9 and a foot space door 20 
are installed in respective passages leading from the air 
mix chamber "AMC". These passages are led to given 
portions of the passenger room, in a known manner. The 
outlet pipe 21 B of the heater 1 7 is equipped with a con- 
trol valve 22 by which flow rate of the engine cooling 
water in the heater 17 is controlled. 
[001 7] Denoted by numeral 23 is a temperature sen- 
sor that detects the temperature of the refrigerant just 
coming from the evaporator 13. In accordance with the 
temperature detected by the temperature sensor 23* the 
open degree of the expansion valve 12 Is controlled. 
That is, with increase of the temperature, the open de- 
gree inaeases permitting increased flow of the refriger* 
ant through the cooling section 9. 
[0018] The pipe 14 extending from the outlet of the 
compressor 2 is equipped with a pressure sensor 24 
which detects a pressure possessed by the refrigerant 
just discharged from the compressor 2 and thus, the op- 
eration condition of the cooling section 9 can be 
checked. That is, when the refrigerant exhibits a higher 
pressure, it is recognized that the cooling section is sub- 
jected to a higher load and thus the compressor 2 needs 
a greater driving force. Information signals from the 
pressure sensor 24 are fed to a compressor capacity 
detecting circuit 25 into which information signals rep- 
resenting a vehicle speed and an engine speed are fed 
from an air conditioner control unit 26. Thus, at the conv 
pressor capacity detecting circuit 25, both a driving load 
and the capacity of the compressor 2 can be calculated. 
That Is, with increase of the engine speed, the rotation 
speed of the compressor 2 is increased thereby increas- 
ing the refrigerant disch arge from the compressor 2. The 
increased discharge of the refrigerant brings about in- 
crease of the refrigerantf lowing in the condenser 1 0 and 
thus causes insuff cient cooling of the refrigerant by the 
outside air, resulting in that a higher pressure side of the 
cooling section is Increased in pressure. That is. the 
higher pressure is much increased. While, when the ve- 
htele speed increases, the amount of outside air passing 
through the condenser 1 0 Increases thereby Increasing 
the ability of cooHng the highly pressurized refrigerant 
flowing in the condenser 1 0. Thus, In this case, the high- 
er pressure is lowered. If the capacity of the compressor 
2 is controlled so that the refrigerant discharge of the 
compressor increases per one rotation, the amount of 
refrigerant passing through the condenser 1 0 increases. 
In this case, the pressure of the higher pressure side is 
Increased. That is, the pressure of the higher pressure 
side of the cooling sectton 9 is controlled by the engine 
speed, the vehicle speed and the discharging capacity 
of the compressor. This means that the discharging ca- 
pacity of the compressor can be calculated or derived 



by detecting the pressure of the higher pressure side, 
the engine speed and the vehicle speed. 
[0019] Into the air conditioner control unit 26, there 
are inputted infonnation signals from a solar radiation 

5 sensor 27, an outside temperature sensor 28. an inside 
temperature sensor 29, a vehicle speed sensor 30 and 
an evaporator outlet airtemperaturesensor31 . Further- 
more, into the control unit 26. there are inputted the in- 
formation signal from the pressure sensor 24 and an en- 

10 gine stop signal 33, an engine speed signal 34 and an 
idling signal 35 from an engine control unit 32. From the 
control unit 26, there are outputted a vehicle speed sig- 
nal and an engine speed signal to the compressor ca- 
pacity detecting circuit 25, and outputted a compressor 

15 capacity signal 36 to a compressor capacity control cir- 
cuit 53, and outputted a compressor driving signal 37. 
an engine stop delay signal 38 and a compressor drive 
mode selection signal 39 to the engine control unit 32. 
[0O2O] Into the air conditioner control unit 26, there 

20 are further fed six types of information signals from an 
air controller control panel 40. which are an outlet open- 
ing determining signal 41 , a passenger room tempera- 
ture setting signal 42, an intake opening determining 
signal 43, an air flow amount setting signal 44, a com- 

25 pressor setting signal 45, an automatic controlling signal 
46 and an air conditioner stop setting signal 47. 
[0021] Into the engine control unit 32, there is fed a 
signal from an ignition switch 48, in addition to the signal 
from the vehicle speed sensor 30. the compressor driv- 

30 ing signal 37, the engine stop delay signal 38 and the 
compressor drive mode selection signal 39. As is de- 
scribed hereinabove, the engine stop signal 33, the en- 
gine speed signal 34 and the idling signal 35 are output- 
ted from the engine control unit 32 to the air conditioner 

^ control unit 26. The compressor drive mode signal 39 is 
fed to a compressor drive mode selection circuit 54. De- 
noted by numeral 55 is a control circuit for controlling 
the electric motor 52. the compressor drive mode selec- 
tion circuit 54 by processing various information signals 

^ fed thereto. 

[0022] In the compressor drive mode selection circuit 
54. based on the compressor drive mode signal 39 from 
the engine control unit 32, one of three operation modes 
is selected, which are an engine drive mode wherein the 

^ compressor 2 Is driven by only the engine 1 , a motor 
drive mode wherein the compressor 2 is driven by only 
the electric motor 52 and a combination mode wherein 
the compressor 2 Is driven by both the engine 1 and the 
electric motor 52. That is, as has been mentioned here- 
to inabove, the compressor 2 Is of a hybrid type. 

[0O23] Based on an instruction signal fed thereto from 
the air conditioner control unit 26, the compressor ca- 
pacity control circuit 53 outputs a capacity setting signal 
to a capacitor control valve 49 of the compressor 2 for 

53 adjusting the refrigerant discharge firom the compressor 
2. That is. the refrigerant discharge per one rotation Is 
adjusted. 

[0024] In the following, operation will be described in 
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detail with reference to the drawings. 
[0025] In general, various information signals are led 
into the engine control unit 32 and the air conditioner 
control unit 26. With this, the engine control unit 32 con- 
trols operation of the engine of the vehicle and the air s 
conditioner control unit 26 controls operation of the air 
conditioning system. Upon receiving the engine stop 
signal, the engine control unit 32 stops the engine 1 and 
at the same time the air conditioner control unit 26 
changes the mode of the compressor 2 from the engine io 
drive mode to the motor drive mode. That is, first, the 
electric motor 52 is energized and when the capacity of 
the compressor 2 is reduced to a lower given level, the 
engine 1 is stopped. Under this condition, the compres- 
sor 2 is driven by only the electric motor 52. '5 
[0026] Referring to Fig. 3, there is shown a flowchart 
which shows operation steps executed in a first embod- 
iment 100A of the present Invention, for controlBng the 
compressor 2 from the time when the engine 1 is icept 
stopped and the electric motor 52 is kept operated for ^ 
driving the compressor 2 on a predetermined low ca- 
pacity. 

[0027] At step 101, various information data are put 
into the engine control unit 32 and the ajr oondtttoner 
control unit 26. At step 102, the engine controi unit 32 
decides an engine controi mode based on the informa- 
tion data fed thereto. At step S103, the air conditioner 
control unit 26 decides an air conditioner nrH)de bated 
on the infomiation data fed thereto. At step SI 04. Judg- 
ment is carried out as to whether or not the compresaor ^ 
2 is being used for the air conditioning. If YES. that is, 
when the compressor 2 is being used for such purpose, 
the operation flow goes to step 81 05. While, f NOT. the 
operation flow goes to END. At step 3105. judgment is 
carried out as to whether or not the engine 1 is used for 35 
actually driving the vehicle. If YES, that it. when the eiv 
gine 1 1s used for such purpose, the operaflon flow goes 
to END. While, if NO, that is, when the engme i it not 
used for such purpose, the operation how goet to step 
S 1 06. At this step S 1 06, judgement it carried out at to 
whether the engine 1 has already started or not. If YES. 
that is, when the engine 1 has already ttartad, the op> 
eration flow goes to step Si 07. While, tf NO. the oper- 
ation flow goes to END. At step S1 07. Judgtmtm it car- 
ried out as to whether or not a first predetennvied tne ^ 
has passed from the starting of the engine i . if YES. 
that is, when the first predetenmined time hat pasted, 
the operation flow goes to step S1 08. While, f NOT the 
operation flow goes to END. At step Si 08. the co mpi te 
sor 2 is adjusted to have a predetennined high cspecty. ^ 
Then, the operation flow goes to step Si 09 where judge- 
ment is carried out as to whether a second given time 
has passed from the starting of the engine 1 . if YES. the 
operation flow goes to step Si 10. While, if NO. the op- 
eration flow goes to END. At step S11 0. the eltc&le mo- 55 
tor 52 is stopped. 

[0028] As is seen from the above, in the flrst embod> 
iment 100A. upon passage of the first given time from 



the starting of the engine 1, the capacity control of the 
compressor 2 is made, so that the capacity is increased 
to the given level from the existing level. That Is, the 
compressor 2 is controlled to have a higher given level 
before stopping the electric motor 52. 
[0029] Rg. 6 is a time chart showing operation condi- 
tions of the engine 1 , the electric motor 52 and the com- 
pressor 2 in case of the first embodiment 1 0CA. As is 
seen from this time chart, during the shifting from the 
compressor operation on ttie predetermined low capac- 
ity to the compressor operation on the predetermined 
high capacity, both the electric motor 52 and the engine 

1 operate. Thus, in this embodiment 100A, there is no 
need of using a powerful type for the electric motor 52. 
[0030] Refemng to Fig. 4. there is shown a flowchart 
which shows operation steps executed in a second em- 
twdiment 1008 of the present invention, for controlling 
the compressor 2 from the time when ttie engine 1 Is 
Icept stopped and the electric motor 52 is kept operated 
to drive the compressor 2 on a higher level of a prede- 
termined low capacity. 

[0031 ] At step S201 , various tnfonrtation date are put 
Into the engine control unit 32 and the air conditioner 
control unit 26. At step S202, the engine control unit 32 
decides an engine controi mode based on the informa- 
tion data fed thereto. At step 8203. ttie air conditioner 
control unit 26 decides an air conditioner mode based 
on the information data fed thereto. At step S204, judg- 
ment is carried out as to whether or not the compressor 

2 is being used for air conditioning. If YES. that is. when 
the compressor 2 is being used for such purpose, the 
operation flow goes to step S205. While, if NOT, the op- 
eration flow goes to END. At step S205, judgernent is 
canried out as to whether or not the engine 1 is used for 
actually driving the vehicle. If YES, that is, whenlhe en- 
gine 1 1s used for such purpose, the operation flow goes 
to END. While, if NO, the operation flow goes to step 
S206. At this step S206, judgement is carried out as to 
whether the engine 1 has already started or not. if YES, 
thaX is, when the engine 1 has already started, the op- 
eration flow goes to step S207. While, if NO, ttie oper- 
ation flow goes to END. At step S207. judgement is car- 
ried out as to whether or not a first predetermined time 
has passed from the starting of the engine 1 . If YES, 
ttiat Is, when the first predetermined time has passed, 
ttie operation flow goes to step S208. While, if NO, that 
is, when the second predetennined time has not passed 
yet, the operation fiow goes to step 5209. At the step 
S208, the compressor 2 is adjusted to have a predeter- 
mined high capacity. While, at the step 5209, the com- 
pressor 2 is adjusted to have a lower level of ttie prede- 
termined low capacity, and ttten the operation fiow goes 
to END. After the step S208, the operation fiow goes to 
step S210 where judgement is carried out as to whether 
or not a second predetermined time has passed from 
ttie starting of the en^ne 1. If YES, that is, when the 
second predetermined time has passed, the operation 
flow goes to step S211 where the electric motor 52 is 
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stopped, if NO at step S210, that is. when the second 
predetermined time has not passed, the operation flow 
goes to END. 

[0032] As may be understood from the above, the* 
control of the second embodiment 1 GOB is similar to that 
of the first embodiment 1 0CA. IHowever, in the second 
embodiment 1 GOB, predetermined higher and lower ca- 
pacities forthe compressor 2 are provided in addition to 
the predetemnined high capacity. 
[0033] Fig. 7 is a time chart showing operation condi- 
tions of the engine 1 , the electric motor 52 and the com- 
pressor 2 in case of the second embodiment 100B. As 
is seen from this-time chart, during the shifting from the 
compressor operation on the higher level of the prede- 
tennined low capacity to the compressor operation on 
the predetemnined high capacity, there is provided a 
compressor operation effected on the lower level of the 
predetermined low capacity, which is powered by both 
the electric motor 52 and the engine 1 . This operation 
is very advantageous because just after starting of the 
engine 1 , the engine fails to produce a sufficient power. 
ThuSt for compensating this power reduction of the en- 
gine 1 , the capacity of the compressor 2 is lowered to 
the lower level of the prcdctcmiincd low capacity. Of 
course, due to the shifting from the higher level of tjie 
predetermined low capacity to the lower level of that of 
the compressor 2, the power needed by the electric mo- 
tor 52 can be reduced, which brings about a power sav- 
ing of a battery for powering the electric motor 52 and 
thus induces an improved fuel efficiency of the engine 1 . 
[0034] Referring to Figs. 5A and SB, there is shown a 
flowchart which shows operation steps executed in a 
third embodiment 1 0OC of the present invention, for con- 
trolling the compressor 2 from the time when the engine 

1 is kept stopped, the electric motor 52 is kept operated 
to drive the compressor 2 on the higher level of the pre- 
detemnined low capacity and an air inlet opening is kept 
in an optimum temperature control nMxJe (or second 
mode). 

[0035] At step Sa01 . various information data are put 
into the engine control unit 32 and the air conditioner 
control unit 26. At step 5302. the engine control unit 32 
decides an engine control mode based on the informa- 
tion data fed thereto. At step S303. the air conditioner 
control unit 26 decides an air condttioner mode based 
on the inf onnatlon data fed thereto. At step S304, Judge- 
ment is carried out as to whether or not the compressor 

2 is being used for air conditioning. If YES, that is, when 
the compressor 2 is being used for such purpose, the 
operation flow goes to step S305. If NO, the operation 
flow goes to END. At step S30S, judgement is canied 
out as to whether or not the engine 1 is used for actually 
driving the vehicle. If YES, that is, when the engine 1 is 
used for such purpose, the operation flow goes to step 

5306. White, if NO. the operation flow goes to step 

5307. At step 5306, Judgement is carried out as to 
whether the engine 1 has started or not. If YES. that is, 
when the engine 1 has started, the operation flow goes 



to step 8311. While, if NO, the operation flow goes to 
step 8307. Ai this step 5307. judgement is canied out 
as to whether an outside air and an inside air show a 
similar temperature or not. If YES, that is, when the lem- 

s peratures of such two air flow show a similar value, the 
operation flow goes to step 8315. While If NO. the op- 
eration flow goes to step 8308. At this step 8308. judge- 
ment is canied out as to which one between the outside 
air and the inside air shows a temperature close to a 

10 target temperature of the air which is blown into the pas- 
senger room from air blowing openings. If the outside 
air shows a temperature dose to the target one, the op- 
eration flow goes to step 5309. While if the inside air 
shows a temperature dose to the target one, the oper- 

is ation flow goes to step S31 0. At the step S309. a selec- 
tion Is so made that the outside air is used as an inlet 
air. At tiie step 8310, a selection is so made that the 
inside air Is used as the Inlet air. From the step 8309 or 
8310. tiie operation flow goes to step 8312 where the 

20 air inlet opening is confolled to appropriately control the 
flow of the outside or inside air therethrough. Then the 
operation flow goes to step 831 5. 
[0036] At the above-mentioned step S3 11 , the air inlet 
opening is controlled in accordance with the instruction 

25 signal issued from the air conditioner control unit 26. 
Then, the operation flow goes to step S313. At this step 
S313, Judgement is carried out as to whether or not a 
first predetermined time has passed from the starting of 
ttie engine 1. If YES, that is. when the first predeter- 

30 mined time has passed, the operation flow goes to step 

8314. While, if NO, the operation flow goes to step 

8315. At step S314. tiie compressor 2 is adjusted to 
have the predetemnined high capacity. While, at stisp 
8315, tiie compressor 2 is adjusted to have tiie lower 

35 level of the predetermined low capacity, and then, the 
operation flow goes to END. After the step S314, the 
operation flow goes to step 831 6 where judgement is 
carried out as to whether or not a second predetemnined 
time has passed from the starting of the engine 1 . if YES, 

40 tiie operation flow goes to step S317 where the electric 
motor 52 is stopped, and tiien the operation flow goes 
to END. If NO at step 8316, tiie operation flow goes to 
END. 

[0O37] Rg. 8 Is a time chart showing operation condi- 
45 tions of the engine 1 . the electric motor 52, thecompres- 
sor 2 and an air Inlet opening controller in case of tiie 
ttiird embodiment 1 0OC. As is seen from this time chart, 
ttie basic control of this third embodiment 1 GOG is iden- 
tical to ttiat of the above-mentioned second embodiment 
50 100B. However in ttie third embodiment 1 0OC, control 
to the air inlet opening is adopted. That is, when the en- 
gine 1 is kept stopped, the air inlet opening is controlled 
to assume the optimum temperature control mode (sec- 
ond mode), in tills mode, either one of the outside air 
55 and tiie inside air, ttiat is showing a temperature dose 
to the target temperature of air blown into the passenger 
room, is selected and led Into the air inlet opening. As 
is understood from tiie time chart when ttte compressor 
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2 is driven by only the electric motor 52 under stopping 
of the engine 1 , the compressor 2 is kept at the prede- 
' temiined low capacity (more specifically, a higher level 
of the low capacity). Thus power saving of the battery 
for the electric motor 52 is achieved. 
[0038] Referring to Fig. 9A and 9B, there is shown a 
flowchart which shows operation steps executed in a 
fourth embodiment 100D of the present invention, for 
controlling the compressor 2. In this embodiment 1 0OD, 
the compressor 2 is of a swash plate valuable type. 
[0039] At step S401 , the engine control unit 32 con- 
trols the operation of the engine 1 based on various in* 
fomlation data fed thereto. At step 5402, the air condi- 
tioner control unit 26 controls the operation of the air 
conditioning system. At step S403, judgement is carried 
out as to whether or not the compressor 2 is to be used 
for air conditioning. If YES, that is. when the compressor 
2 is to be used for the air conditioning, the operation flow 
goes to step 5404. If NO, the operation flow goes to 
END. At step S404, judgement is carried out as to 
whetherthe engine 1 is operating or not If YES, that is, 
when the engine 1 is operating, the operation flow goes 
to step S405. While, if NO, the operation flow goes to 
step 8416 which will be described In detail hereinafter. 
^ [0040] At step 8405, information data used forjudging 
whether an Idling stop of the engine 1 is possible or not 
in the existing condition are received. It Is to be noted 
that the idling stop means a temporary stop of the engine 
1 automatically induced when the associated motor ve- 
hicle stops due to a red light at a crossing or the like, 
which brings about Improvement in fUel efficiency of the 
engine. It is further to be noted that the infonmation data 
for the judgement at step S405 are a signal representing 
braking of the vehicle by the driver, a signal representing 
release of the driver^ foot from an accelerator pedal, -a 
signal representing 0 speed of the vehicle, and so on. 
Atstep S406, based on such Infomnation data, judgment 
Is carried out as to whether or not the existing condition 
is ready for the idling stop. If YES, that is, when the ex- 
isting condition is ready forthe idfing stop, the operation 
flow goes to step S407. While, if NO. the operation flow 
goes to END. At step 3407, based on Information data, 
a power needed for driving the confipressor 2 is calcu- 
lated, tt is to be noted that the information data at this 
step are a signal representing a thennal environmental 
condition of the vehtole, a signal representing the cool- 
ing condition of the cooling section 9 of the air condition- 
ing system, and so on. After the step S407, the operation 
flow goes to step S408. 

[0041 ] At this step S408, judgment is carried out as to 
whether the calculated power is obtainable by only the 
electric motor 52 or not If NO, that is, when the power 
is not obtainable by the motor 52, the operation fbw 
goes to END. While, if YES, that is. when the cakHJlated 
power is obtainable by only the electric motor 52, the 
operation flow goes to step S409. At this step, the corrv 
pressor 2 is adjusted to have a predetermined low ca- 
pacity. With this, the driving load of the compressor 2 



can be reduced. However, if desired, in view of the rel- 
atively lower rotation speed of the electric motor 52. the 
capacity of the compressor 2 may be set at a relatively 
higher level of the predetermined low capacity. Then, at 

5 step S410. the electric motor 52 is energized to drive 
the compressor 2. Then, at step S41 1 , judgement is car- 
ried out as to whether or not a first predetermined time 
has passed from the time of energization of the electric 
motor 52. This time is needed for bringing the electric 

10 motor 52 into a condition to have a given rotation speed 
and bringing the compressor 2 into a condition to have 
ttie set capacity. If YES at step S411 , that is, when the 
first predetermined time has passed, the operation flow 
goes to step S412. While, if NO, the operation flow goes 

IS to END. At the step S412. judgement is carried out as 
to whether or not the swash plate of the compressor 2 
has shown a predetermined angle relative to a rotation 
shaft on which the swash plate is plvotally mounted. If 
NO. the operation ftow goes to END. While, if YES, ttiat 

^ is, when the swash plate has shown the predetermined 
angle, tiie operation flow goes to step S41 3. Atthis step, 
judgennent is earned out as to whether or not the condi- 
tions for allowing the Idling stop are all established. If 
NO, the operation ftow goes to END. While, if YES, that 

ss is, when the conditions for allowing the idling stop are 
all established, the operation flow goes to step S414. At 
this step, the engine 1 is stopped. Upon this, the com- 
pressor 2 is driven by only the electric motor 52. Then, 
at step S415, the air InIM opening is controlled to inlet 

30 either one of the outsMe air and the inside air. that is 
showing a temperature close to the target temperature 
of air bk>wn into the passenger room. 
[0O42] If, at step S404, the engine 1 is not operating, 
the operatton fk>w goes to step 341 6. At this step, ^for- 

35 mation data used for keeping the idling stop are re- 
ceived. It is to be noted that the information data are a 
signal representing release of a driver's foot from an ac- 
celerator pedal, a signal representing a sufTident power 
stored in the battery and so on. At step S41 7, based on 

40 the Information signals, ending of the idling stop is de- 
cided. That is, if the battery shows a lack of power stored 
thereirt, the kJling stop condition is ceased, and judge- 
ment is carried out as to whether the engine 1 is oper- 
ated or not At step S418, judgement is earned out as 

43 to Whether or not the existing condition is ready for a 
new condition wherein the electric motor 52 is stopped 
and the engine 1 Is started. If NO, the operation flow 
goes to END. WhDe, if YES, that is. when the existing 
condition is ready for such newconditton, the operation 

30 flow goes to step S41 9. At tills step, the engine 1 isstart- 
ed, and then at step S420, the swash plate of the com- 
pressor 2 Is adjusted to have a prodetemiined angle rel- 
ative to the rotation shaft Then, the operatton flow goes 
to step S421. At this step. Judgement is carried out as 

35 to Whether ttte angle adjustment of the swash plate has 
been finished or not. If NO, the operation flow goes to 
END. While, If YES, that Is. when the angle ad^t^^ent 
has been finished, the operation flow goes to step S422. 
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At this step, judgement is carried out as to whether or 
not a second predetermined time has passed from the 
time of starting of the engine 1 . If NO, the operation flow 
goes to END. While, if YES, that is, when the second 
predetermined time has passed, the operation flow goes 
to step S423 to stop the electric motor 52. Thus, under 
this condition, the compressor 2 is driven by only the 
engine 1 . 

[0043] Fig. 10 is a time chart showing operation con- 
ditions of the engine 1 , the electric motor 52, the com- 
pressor 2 and the air inlet opening controller in case of 
the fourth embodiment 1 GOO. As is seen from this time 
chart, during the operation of the engine 1 .thecompres- 
sor 2 is operated on the predetemiined high capacity 
and the air inlet opening is controlled to assume a nor- 
mal control mode. Upon receiving a signal representa* 
ttve of a temporaiy stopping of the vehicle due to a red 
light at a crossing of the (ike, the electric motor 52 is 
turned ON. Upon this, the compressor 2 is controlled to 
reduce its capacity toward the lower level of thei prede- 
tennined low capacity. Upon passage of a first given 
time from the tum-ON time of the electric motor 52, the 
capacity of the compressor 2 Is controlled to the lower 
level of the predetemiined low capacity. When the ca- 
pacity of the compressor 2 Is completely reduced to the 
lower level of the predetenmined low capacity, that is, 
when a second given time has passed from the tum-ON 
time of the electric motor 52, the engine 1 is stopped. 
When a third given time has passed from the tum-ON 
time of the electric motor 52. that is, when a small given 
time has passed from the stop time of engine 1 . the com- 
pressor 2 is controlled to increase its capacity toward 
the higher level of the predetemiined low capacity. Thus 
thereafter, the compressor 2 is operated on the higher 
level of the predetemiined low capacity under driving by 
only the electric motor 52. As is seen from the time chart, 
upon ON-tuming of the electric motor 52, the air inlet 
opening is controlled to adopt the optimum temperature 
control mode. Due to usage of the lower level of the pre- 
determined low capacity of the compressor 2 upon stop- 
ping of the engine 1 . the power saving of the battefy for 
the electric motor 52 is achieved. 
[0044] The entire contents of Japanese Patent Appli- 
cation P1 1-1 63349 (filed June 1 0. 1 999) are Incorporat- 
ed herein by reference. 

[0045] Although the Invention has been described 
above with reference to the embodiments A, B, 0 and 
D of the invention, the invention is not limited to the env 
bodiments described above. Various modifications and 
variations of the embodments descrtoed above will oc- 
cur to those skilled in the art, in light of the above teach- 
ings. 



Claims 

1. An air conditloningsystemforuse in amotor vehicle 
powered by an internal combustion engine, oonv 



prising: 

an electric motor powered by a battery; 
a compressor an'anged to be powered by at 
5 least one of the internal combustion engine and 

said electric motor; and 
a control unit that controls the driving of said 
compressor, said control unit being configured 
to execute: 

10 

driving said compressor by only said elec- 
tric motor when the combustion engine is 
under an idling stop; 

restarting said combustion engine upon 
IS expiration of a first gh/en time from the time 

when the idling stop has occurred, so that 
thereafter said compressor Is driven by 
both said combustion engine and said 
electric motor; and 
20 stopping the driving of the compressor by 

said electric motor upon expiration of a 
second given time from the restarting of 
said combustion engine, so that thereafter 
said compressor is driven by only said 
ss combustion engine. 

2. An air conditioning system for use in amotor vehicle 
powered by an internal combustion engine, com- 
prising: 

30 

an electric motor powered by a battery; 
a capacity variable compressor anrangedtobe 
powered by at least one of said internal com- 
bustion engine and said electric motor and 
35 a control unit that controls the driving of said 

compressor, said control unit being configured 
to execute: 

(a) calculaling a piower needed for driving 
40 the compressor when the vehicle is ready 

for an idling stop of the engine; 

(b) starting said electric motor when it is de- 
cided that the calculated power is obtaina- 
ble by only said electric motor, so that 

^ thereafter said compressor is driven by 

both said internal combustion engine and 
said electric motor; and 

(c) executing the idling stop upon expira- 
tion of a first predetermined time from the 

so time when said electric motor has started. 

3. An air conditioning system as claimed in Claim 2, in 
which said control unit is configured to execute, be- 
tween the steps (a) and (b), (d) adjusting the cont- 

S3 pressor to have a predetemiined lower capacity. 

4. An air conditioning system as claimed in Claim 3, in 
which said control unl is configured to execute the 
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step (c) only when, due to adjustment of the conv 
pressor to the predetermined lower capacity, a 
swash piate of the capacity valuable compressor 
has shown a predetennined angle relative to a ro- 
tation shaft on which the swash plate is pivotally s 
mounted. 

5. An air conditioning system as claimed in Claim 4, in 
which said control unit is configured to execute the 
step (a) when it is judged that the compressor is to io 
be used for air conditioning. 

6. An air conditioning system as claimed In Claim 5, in 
which said controt unit is configured to execute the 
step (a) when It is Judged that the engine is under t5 
operation. 

7. An air conditioning system as claimed In Claim 5, In 
which said control unit is configured to execute, if 
the engine is not under operation. (0 carrying out 20 
judgment as to whether or not the vehicle is ready 

for a new condition wherein the electric motor is 
stopped and the engine is started and (g) starting 
the engine when the step (f) judges that the vehicle 
is ready for the new condition. 25 

8. An air conditioning system as claimed in Claim 7, in 
which said control unit is configured to execute, af- 
ter the step (g), (h) adjusting the swash plate of the 
compressor to have a predetermined angle relative so 
to the rotation shaft. 

9. An air conditioning system as claimed in Claim 8, in 
which said control unit is configured to execute, af- 
ter the step (h) , (0 stopping the electric motor upon 35 
expiration of a second predetemnined time from the 
time of starting of the engine. 

10. An air conditioning system as claimed in Claim 1 , in 
which said control unit is configured to execute, af- 40 
ter the step (c), (e) controlling an air inlet opening 

to inlet thereinto either one of outside air and inside 
air, which shorn a temperature dose to a temper- 
ature possessed by air blow into a passenger room 
of the vehicle. <5 

11. An air conditioning system for use in a motor vehicle 
powered by an internal combustion engine, com- 
prising: 

50 

an electric motor powered by a battery; 
a capacity variable compressor arranged to be 
powered by at least one of said internal com- 
bustion engine and said electric motor, said 
compressor being controllable to have a high S5 
predetemnined capacity, a lower level of a low 
predetennined capacity or a higher ievei of the 
low predetennined capacity; 



an air inlet opening controller an'anged to inlet 
at least one of outside air and inside air into an 
air iniet opening of the air conditioning system, 
said air inlet opening controller having a first 
mode in which a normally conditioned air is led 
into a passenger room and a second mode in 
which the air inlet opening inlets either one of 
the outside air and inside air, that shows a tem- 
perature close to a target temperature of air 
blown into the passenger room; and 
a controt unit that controls the driving of said 
compressor and said air inlet opening control- 
ler, said control unit being configured to exe- 
cute: 

(a) keeping the compressor to operate in 
the high predetennined capacity and l<eep- 
Ing the air Inlet opening controller to oper- 
ate in the first mode when the compressor 
is driven by only said engine; 

(b) controlling the compressor to have the 
tower level of the low predetennined ca- 
pacity and controlling the air inlet opening 
controHerto assume said second mode up- 
on receiving a signal representative of a 
previous notice of a temporaiy.engine stop; 

(c) turning the electric motor ON; 

(d) stopping the engine upon passage of a 
given time from the turning ON of the elec- 
tric motor and 

(e; controlling the compressor to operate 
in the higher level of the low predetennined 
capacity upon passage of a given time from 
the engine stopping. 

12. An air conditioning system as claimed in Claim 11 , 
in which said control unit is configured to execute 
between the step (a) and (b), (f) calculating a power 
needed for driving the compressor and (g) adjusting 
the compressor to the lower level of the low prede- 
termined capacity in accordance with the calculated 
power. 

13. An air conditioning system as claimed in Claim 12, 
in which said control unit is configured to execute 
between the step (c) and (d), (h) adjusting a swash 
plate of the compressor to have a predetermined 
angle relative to a rotation shaft. 
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see sheet B 



nn AD further seaich fees hat^e been paid witMn the fbod time MtTh^ 
i— i been drawn up lor all daims. 
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irweniiorai in respem of which search Ites haM been paid, naiiiely daims: 
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Office 



LACK OF UNITY OF INVENTION 
SHEETS 



EP 00 12 6878 



AppHeadon Numocr 



Tbe Search Division considers that the present European patent appfication does not comply with the 
requirements of unity ol invention and relates to several inventions or groups of inventions, namely: 

1. CUIfl) : 1 and 10 

Air conditioning systeoi with a compressor powered by at 
least one of an Internal combustion motor and an electric 
motor and a control unit controlling the driving of the 
compressor having as a special technical feature a 
particular configuration of the control unit whereby the 
compressor Is driven by only said electric motor when the 
engine Is under an Idling stop 



2. Claims: 2-9 

Air conditioning system with a compressor powered by at 
least one of an Internal combustion motor and an electric 
motor and a control unit controlling the driving of the 
compressor having as a special technical feature a 
particular configuration of the control unit whereby a 
calculation Is performed of the power needed for driving the 
compressor when the vehicle Is ready for an Idling stop of 
the engine. 



3. Claims: 11-13 

Air conditioning system with a compressor powered by at 
least one of an Internal combustion motor and an electric 
motor and a control unit controlling the driving of the 
compressor having as a special technical feature an air 
Inlet opening controller 
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